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(57) Abstract: It is intended to provide a method of producing a pyrrole- imidazole polyamide whereby a longer pyrrole-imidazole 
polyamide can be conveniently synthesized and a peptide (protein) can be easily transferred. According to ihis method, a pyrrole- 
imidazole polyamide having a carboxylate group which can be excised from a solid phase carrier at its end, makes it possible to 
directly transfer various functional groups and can exactly distinguish DNA sequences can be efficiently produced. A method of 
synthesizing a pyrrole-imidazole polyamide characterized by performing automatic synthesis by the solid phase Fmoc method with 
the use of a peptide synthesizer, a pyrrole-imidazole polyamide having a carboxyl group at its end obtained by this method; a pyrrole- 
imidazole polyamide having a DNA alkylation agent transferred into the carboxyl group at the end of the above-described pyrrole- 
imidazole polyamide; and a sequence-specific DNA alkylation method characterized by using the above compound. 
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m m m 

WOSJg^y/AMWiat), «3 0i©7*+J"J#«l (DNA) 
-«S^£#i (SNPs) ®l9)At»oT«TH*. d^W^O + Tltl^fc 
•5. 

*f§Bj#e»«, dn a© ATMs*tfcwtfWtefcis&Wte*s^-r* e. 

tH, x-f V-f -5 tf D-;P7S I* 

SS^tbT, *569l#Sra» £n&©ft*4l^iDNA©*S4$j£ai{fcfc;tf LT» 

«wcfi^tt5ft^T*D, -t©a«tttttro — k (p y ) t-rs^ 

©«ffljftfc»*r©DN A@a?ij^®w t-rzit £■»»©— u >?m 
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MJte^ fc^*>*TPi — ©*ffl«R*»#ttl"rJl t**ffl*#*«J: 5 Kfc SUSHIS 
(#M 2 0 0 1 - 1 3 6 9 7 4fSi) . 

Ift**0^-/t>««l:J: 0 t - BOCft56«H58SnTVi**« ( J. Am. Chem. So 
c. ,1996, 118, 6141-6146) , SJ&*#«tJR U t» «& fii tf D - -f 5 # »/- JHfl 

u 7 5 F©-&fifettBB*'Tr» o , fom & tc s. l n . KKTtrjRoaa c^y 

itu^o *»i^;i/^*y^ssft5i}?'j7 5 K©^fj5^iK« mm 
**i)\s#>wmmt: UTB4i*»6«D ffl-r3»*«>ai^fc«>, »6nft*«KD- 

<tD^>jea-;i/(DFmoc ^^SfclSSniUS^ (Tetrahedron Lett., 19 
99,40,3621-3624; J. Am. Chem. Soc, 2001, 123, 2469-2477) , -YS^V — JP7 5 K 
S«AT#THft VsfcfeD N A(DgB?!l§iEfl&tea!fcB'J-r* C £#T#ftV>. 

g£ W OP BB 

t.-tfiSSm-V. D N A©BB3FU*jE*K:mS!|"r* d t^"7#5 tfP — — f 5 ^V- 
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75 F <2 3! BJJ & -g, 0 

MCDNA7;^jHbSi*iAbT^5 ea-^-^fs ^y-;i^u 

^ T * . 

3? T * 3 . 

V^^^T^-h) - kf □ — )\/ — 5yy-J^U7S Kn>v?i^— hcD^BJ 

IP*., #fgBj#e>{i> i 0 fcfn-j|/--f 3 PV-JVtf 'J 75 F 
BEtl>¥atlT@iFmo cffi (Fmoc = 9- 7JWl/^iM F >- # ;P # 
K«tS SK> MIS bfco ift(Dft*^t)t©Kn-^->f 2^7- 

)V» «J 7 5 K*IH*FniociSK:«fc*=i>t:?-MJ 7 ;P g <h , ±T?jS£ 

ttsfeoen— 5 ^y— u 75 fs**< aft-r* c t^m**. $ 

d ir^WtgT?*^). D N A fcjft L T 7 Jl^JWktt* t> 0^3. *X )V v-f 

©#fe«rUlgO®e (^T^F) &j£tt«*Ufll bfcatt£-|«T?*S&«>» 
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ti<DT?&Z>. SlCtfc, Fmocftllt-BO C & it ^T£fJ;#fr*<i$l ft 
5 HiDNA^RNAiC3>ya7-'-h, -tn & <h <Z> 3 > v 5 a. y — h 

t-BOCJfcli, SSIPFmo c mtetk^TjtikV^tctb&mV u — )V 

d4:t>BaiiT*a«fora«jfii**LT4s»3. HK> * U tf □ - ;kd F m o c -frjsfc 

SBlStt, (1) 8DNA7^M*»l:*ttS. DNA7M 

;i"flSJWOD N A lC*f-T ftRj&tt* 4 5 Ome rODNA75^^> h*I^T# 

H2g|tt, mmM4(D (2) ODNAT^MSIHKi^S, DNA7^ + 
;i"fl5JWOD N A tjtttSSfStt* 4 5 Ome r ODNA75i'/> h 
U 7^ U ;U7 5 HyjI/«a'«cftttT»«f bfctt***-r. 

£3BI&> HJE^J4<D (3) ODNA7^M**i:*tJ5, DNA7Jl^ + 
Mb^JODNAK^fSSJStS 4 5 Ome rfflDNA75^^>F§ffl^T;i? 
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its, *«k 0 - 77z>ss*tt5 tr a — >>i — r s^y-^y 

75 r - 7 5 7 tr a — ;p - < 5 ^7-jt/#u 7 5 K 

Fmo cT7S / I$«iLfe7S 7 ¥ U -)],*) )V HZ >mm £. . Fmo cT7S 
yS4Mtfc75 7 -i 5 yy-^*JP4<>®?^«i: , Fmo ct7S/SSffi| 
bfc|3-77->XttFmo cT75yS^«ILfcT-75 7 BS S? £ *I & L £: 

75 7 £n-JU*;i/#>S?!fS0|i:#0»J<fc bttt, 0tj*fc£, 4 - 7 5 7 - 2 - tf 

n-ju#;i^>m, 4 -75 7 - 1 2 - Kd- ;u#;i/#>j&, 4-7 

5y-i-i5 i ;i/-2 - trp-;i^^;i^3j?>K, 4-757 - 1 - ?'ntf;i,-2 - 
tfp — ji/#;u#>u, 4-757-1 -^5^;p- 2 - fcfo — )i<t> )i#>m^wm 
wen, 75/<5y > /-;^;^>iio^#fH]tiTtt> #|*«> 4-75 

7 - 2 - < 5 ?V — )Vft)V-#>m.. 4-757- 1 - 7^;U-2--f5 ^ 
#;i/jtf>®, 4 - 7 5 7 - 1 -X^JU- 2 -'f 5 ^V— 4-75 

7-i-yabf;i/-2-<5 y V-;1/7j;p#>1?, 4-757-1 -zf^)V- 2 
--f 5 ^>7-;u*;i-#>m^^#tf 

Fmo cT75yl$«lLfc75 / tfP — ;^^#>iiS^Fmo c X 7 

-A?ittPiTOi0<!i§ o &*3, ##*"t?fr, Fmo c?75/I*«tb 
T - 75 7S&m^^^fe^R^7.^r-A t>^Tfc#fi3"X^-r. 
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*mwK&K2>'<73 L F&i&m-enmtt&i&mte. mis* hatuco- (7 

- 7 7^>7 h U 71/-^- 1 — -f )V) -1, l, 3, Z -<r h J u~ 
A + t7i^D*77x-h] /DIEA (N. N-^-f y/p eiUfJI/ 
75» JSTfT^n^. 

^^m^t. ITU, 0UAff, Continuous Fl owj* £^JB L feAppl i ed Bio 
systemsttiO^^? H -a Pioneer ^ 6.tl5. 





viU) 



HATU = 




6h 3 . 



H 3 d pf7^ H£ 
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i) 2 0%tf^U> ? >/D MF^I, iDty^-azy h> HATU/DIEA 
iii) 2 0 % tf^'J ^>/DMFSit, iv) =& / V - 3- - «, N , HATU/DIEA 
v)2 0X^'J^>/DMFiSS, vi) 5 % 5 % tf U >/D M F Wc 

K> m L, ®BEfg«|, viii)95%TFA (h'J7;WnSS) , 2.5%T 
IS (h»j<yya^->5» , 2 . 5 % 7k . 

t^WfiTa?.^)^, #J*fciD N A7Jl/*;Mb^J£^AT£^£#JKLTiBT£: 

*;Mb3!]©DU- 8 6 (2-*^^ -3-* h^e>^;u^-;i^-ASSfcfn-;u- 

DUMA) <nm&$>>i>~C$>& A%k& (Du8 6) £ SI A "T -5 *i , ft 

zvmmi-m.mT, *;hk=;psm =■ ?v-jv (cdd £*n*., mm 

D u 8 6 ftDMF*C»«lc8ll, £ WMKteiflT 1 5^C) > 

sy!/-ji/x^fjKODMF»«*»Tb. njaft-c— nfc£i#-r*>. ^ntu> 

ith'J-7A/^y77- (pH6. 86) « * 2jQ X T p H * mm. b D&ffiT 
7^< btf D N AT )V*r)VikM*m>X\s1t \ZU-)V--1 =*^\/-;Utf 

fitc (^i^m-f >-r y^*«>7*- h) tt-ar<^6tt#o«c%«»tt 
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-f 5 yV — JUtf U75 N'-g-fiEiD^JStLT, F ITC£fcTC]-Jl,--fS 

fip-fe* Continuous Flowffi * L fc Appl ied Biosys tems<£> ^ fj- H js&flgPi one 
er^^i^TEfiFmo c ffi C «fc g flb fifc ft «£ fl-^J^-T-S d <h # tti 3fe 5 . 

UAT, *MHfc±D**W«* 0**»fcW9JT**«, *3BW»4c:n6*lfi*f!l 
l ^ / v-a- h (±13 [fill] ©KJ6**-A#RI) 

m^JNM-A 5 0 0£&JBLfc. 

K*<OIS-9tt£tT<D«fc'3 fcffl^fc. J ? ^f;l/*;i'A73 H (DMF) , y 

y a tf;px?^7 =• > ( d i e a ) , h u -f y t*d tr;w->7 > (TIS) , h'J 

7J^OiS (T F A) , *;^r^y-f5 ?V — JU (C D I ) , 4 - i? * ^ )U 
T 5 J tf U S> > (DMA P ) . 

(l ) □7-b^;Pt;D-;K3.)cr)'&^ 

h U # D D a U H (2 0 0 . 0 g, 1.10 n o 1 ) <D £ -fb ;* >( 6 0 0 

ml)»«+fc.l. (90. 3g, 1.1 OmoDoffift^f k>(2 0 0uI)8I4 3Blffl 

- 9 - 



WO 03/000683 PCT/JP02/01775 

A7A^D7h^57^-tMU »llf*-^>(l;10, v/v)ig£tiSB 

£ »9 h'J^P D/t^JH*! (1 8 9 . 7 g, 76I)*ftft. 
l H-NMR (CDC1 3 ) 6 : 3.95 ( 3 H, s) , 6.20 ( 1 H, s) , 6.95 ( 1 H, s) , 
7.48 (1 H, s) ; ,3 C-NMR (CDCIa) <5: 38.5, 96.3, 108.9, 12 
1.8, 124.0, 133.6, 172.9; IR (KBr) v : 1657, 1404, 
1363, 1334, 1102, 1069, 845, 808, 745, 690 
cm" 1 o 

(2 ) 1 ^)V-A -~ h P- 2 'J if u P 7 ia^A tf D-;K5.)©^Efe 

3(45. 2 g, 0.20 0 no\)<Dm7j<imWt ( 2 0 Oml)i§i&£- 4 0 t; l£ # £P L , . 

mmTmmmn (ls.smi, 0.3 6 omoi) ^stu. mi? 2 mmm& vt^m. 

-f V ^D/^ y — )U&lmZ-, mm Lfc@#&;5flXb> — h P#_5(2 7 . 2 g) Sr#fc. 

KlfJI.-AtltXl : 1 0 , v/v)}gttl3B«k Oil: 5_< 1 0 . 7 g> £ 
(i^JlR^ 7 0S!) 

1 H-NMR (CDCla) 6 : 4 . 0 6 ( 3 H, s), 7 . 7 2 ( 1 H, s) , 7 . 9 3 ( 1 H, s) ; 
1 3 C-NMR (CDCla) 6 : 39.7, 94.8, 117.5, 121.4, 130.2, 
135.3, 173.6; IR (KBr) v : 1698, 1406, 1325, 122 
6, 1185, 1112, 998, 857, 810, 752, 716, 683 

CID -1 o 

(3 ) l->?A-4-rhn-2-h>J?n DJtfM 5 yy-JK6)©^j5U 

h^DD7tfJ^DiJH(36.3g, 0.20 mol) ©iHk * ^ V >( 1 2 0 m 
O^^^tCJ. (1 6 . 4g, 0.2 0 moDom-fb^ ? U- >(8 0ml)*§$££ 2B3IHJjM* 
T^T Lfco 4B#|St^lfci. *k#T MJ X3^75> (20. 2 g, 0.20m 
ol) ^ITlf:. j&&£^EET®5fc Lfc^. 3S2e * v- U * $* ;U^J 9 A ^ p h & 
=7 V 4 b, Pmx^;U-^^-!t>(l : 1 , v/v)j£tHgBJ; 0 h'J^Dn7t 

?-)\<fc± (2 3.2g, 5 1*)fcfffc. 
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'H-NMR (CDC1 3 ) 6 : 4.03 ( 3 H, s) , 7.14 ( 1 H, s) , 7.32 ( 1 H, s) ; 
,3 C-NMR (CDCla) 6 : 37.1, 94.8, 128.5, 130.5, 136.1, 
17 2.3; IR (KBr) v : 1657, 1518, 1466, 1408. 1352, 
1313, 1278, 810, 779 cm' 1 . 

*i#tttt<2 0 Oml)#*e*»L» ft&TRSffittU 8 . 5ml, 0 . 3 6 0 mo 
DSiTl/t. 3gCR»TT?«|«tt(0 . 5ml) fcSDA, I^1T4 ( 3 4 . 0 g, 0. 
1 5 Omol)£4>Sr3o 2 B# joU? T JD * & , gi&T?-l!feJ£# b fc. ®m*M& 

J»f^*z:flE|ftD5lbT3BK: 6. (8.6g)*H&, («giR¥6 0X) 
l H-NMR (CDCla) 6 : 4 . 1 0 ( 3 H, s) , 7.9 0 (1 H, s) ; l3 C-NMR (CDCU) 5 : 
38.2, 93.5, 126.0, 133.6, 145.8, 172.8: IR (KBr) 
v: 1709, 1541, 1514, 1491, 1464, 1344, 1 3 1 
7, 1135, 1023, 1000, 816, 743, 638 cr'„ 

(4) ^T)V 4 h 1 -* tf P-;l/-2 >|?X^f JKl)©^fi!( 
5.(32. 4 g, 0.1 2uol)0^?y-;Kl 4 0 ml) ®Wi + D M A P (0.50 

g, 4 . 5 5 mmol) £Jn*_£:, 4 0#it#Ufc. *®»tt*t49J J^T 

wi/i (i8.9g)s#fc 0 zmte®m&mj£-fm4svr£'&. mm<Dmfc*mo 

ML, (2.3g)£#fc. m HI * 9 7 X) 

'H-NMR (CDCU) <5 : 3 . 8 4 ( 3 H. s), 3 . 9 7 (3H, s) , 7 . 3 9 ( 1 H, d, /= 
2.0 Hz), 7 . 5 7 ( 1 H, d, /= 2 . 0 Hz) ; IR (KBr) v : 1711, 1541, 
1510, 1425. 1315. 1257. 1195, 1118. 1089, 
7 5 2 cm -1 . 

(5) *?-)V 4-r hn-i-^5 : ;K5^7-Jl'-2-*Jl/sK>i!?xxf;Ki)ro^ 

6.(7 0 . 0 g, 2 5 6 mmol) <D * * S -;K5 0 0 ml)*g$&tp \z £ \Z D M A P ( 0 . 
5 0 0 g. 4 . 5 5 mmol) £2jq*fc!£, 2 m URUW b & . ^- (D&ZJL j& £ 5 gij b , v>I 
f^x-f)K*JSic^t8$#fc 0 5iHtt«ffTfSl&i, H flit ® & ft « 2 HI * 
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K>mV. 8_ (46. 0g, 9 7«4Hfc. 

'H-NMR (CDC1 s ) 6 : 3.96 ( 3 H. s) , 4.10 ( 3 H, s) , 7.82 ( 1 H, s) ; 
1 3 C-NMR (CDC1 3) 6 : 37.0, 52.8, 124.2, 134.6. 145.8, 
15 8.4; IR (KBr) v: 1729. 1643. 1497, 1460, 1377, 
1350. 1313, 1265. 1147, 1129, 998, 845, 81 
4 , 6 5 6 cm* 1 . 

(6) 1 -*-f;P-4 -7 5 J tT D -)V-2 -*)V#>m* f^X^fJUISEi (9_)<D 
7.(1 5. 3g, 8 3.0M0l)S>^;-^ii?^noy^>(l 5 Oil, 1:2. 

L, ^^{310 £ C fc«t« "r 5 SU b , 9. (4.7 1 g)£#fc„ JE 

»d-5?S?ri)-<-ET®* L1t&. mWtX.f-)\^- * ? J — ju^n BMi^ff ^9. (6.8 6 
g)-c#feo (1£JRS 11. 6g, 7 3«) 

l H-NMR (DMSO-de) <5 : 3 . 7 4 ( 3 H, s) , 3 . 8 5 ( 3 H, s) . 6 . 8 0 ( 1 H. s), 7. 

2 5 ( 1 H, s) , 1 0.0 7 (3 H, br) ; ESI MS: m/e calcd for dHioNaOi (M-HC1 

+H) 15 4.1, found 154.1. 

( 1 0 

_8_(2 O.Og, 1 0 8Eniol)©^i7np^^>(3 0 OoDiil: 1 OHi/^^^A 
&*<5 g)£jJD*.Mii2i±> *ffl^TT 1 0 W«j$b&. ^©ft 5-f h lei 
bT-biSbT/S -7i*9 A^fSS:l^-5b, ->*C 1 0 "*«SHnA»ttKL&. tt® 
tt* b, _1_0 (1 9 . 8g, 9 6 
'H-NMR (DMSO-d.) 5 : 3 . 8 3 ( 3 H, s) , 3 . 9 3 ( 3 H, s) , 7. 3 7 (1H, s) , 
9 . 9 6 ( 3 H, br. s) ; BSI MS: m/e calcd for C 6 H9Ns0 2 (M-HC1+H) 1 5 6.1, 
found 15 6.1. 
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(8) 4-[(9 -7 )V*\s-)V* h + ->AJ^-;i/)75;]-l -**)V-2-\£u—)V 
ts)V^>m (1 1 )<P£fi£ 

9.(10.9g. 5 7 . 2ramol)£3&g7K(8 0 ml) TKBMb t h U "7 A 

(9 . 2 g)£iP*.£. -Iftflt^Lfca, 1 N L, MJET@=febfc. 

Sr7jctX^l/>^'J n-JP^^^^x — r-;P<OjE-fr»*St(l 0 Oral, 1:1, v/v) 

S^Jl'tl/rJMfJl'^ OD*-^-Kl 7.8g, 6 8 . 6 no I) ft] *. fc . 
— Bfcift#l/fc«. fctjS&fcSSiJ L> _0_ (1 2 . 3g, 3 4. lmmol)£#fc. \Z 3 
*E& 1 Ms*S?± h •J9A*llli5'I^I-T;i'®»^#*(l : 1 , v/v) K IDA 
£o «Cm«^>S'JU. ICl 1 (3.4g)*»&. *BttlOI*RTjRttCl&t, 

Ml< UL (1 . 6«)t»fc. (Mfi 17.3g, 84 S) 
'H-NMR (DMS0-d 8 ) <5 : 3.7 7 ( 3 H, s). 4.2 7 ( 1 H, t, 7=6.0 Hz), 4. 

4 3 (2H, d, 7=6.0 Hz), 6.6 0 ( 1 H, s), 7.0 2 ( 1 H, s), 7.3 2 
(2H, t, 7=7.5 Hz), 7.4 1 (2H, t, 7=7. 5 Hz), 7.7 0 ( 2 H, d, 7=7. 

5 Hz), 7.8 9 (2H, d, 7= 7 . 5 Hz) , 9.4 0 ( 1 H, s) ; 1 'C-NMR (DMSO-d«) 
5: 36.1, 46.7, 65.4, 107.6, 118.8, 119.9, 120. 
1, 122.4, 125.0, 127.1, 127.6, 140.8, 143.8, 
153.3,161.8. 

(9 ) 4 - [(9 -7 71/* UXJl/* h Jl//Kx;i/)7 5 J ]- 1 — f S. ?V 

~)Vts ;u#>ma 2)<P-&fig 

10(8 . 2 4g, 4 1 . 9mmol)^^@7K(6 0 ml) 7^miti~ MJ «7 A 

(4. 2 g) & JP . -mm&lsftWi. 1 N ffiigT?ffn MJ3ET®*bfc. 
$r7Ktx^ 1/ 'J n-JUv'^/l/X — 5 s 'JKBffl'&»ii (2 0 Oml. 1:1, v/v) 
JfcOjRj&fcJB^fc. #tt7KS* M; »7A (1 4 . 1 g)£jg 

9-7J^WrJMf;l/7i7i/>-f 6. 9g, 

5 0 . 1 mmol) SrJD*.*:. — ifc«*;5»Jl^ 1 2 ( 1 0 . 8 g, 2 9. 

7mBoi)*»fc. si;5jss; i 0% mm-cwt&izvfr&, ^ i; /J:** * 5 »>JU> * 
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<Dt£Mk£WWl^^)\'X*yc&LT±2_ (1.2g, 3 . 3 0 mraol) («&!&» 1 

2 . 0 g, 7 9« 

'H-NMR (DMSO-d 6 ) 6 : 3 . 8 7 ( 3 H, s), 4 . 2 7 ( 1 H, t, / =6 . 0 Hz), 4 . 
51(2H, d, 7=6.0 Hz), 6 . 8 0 ( 1 H, s) , 7.3 2 (2H, t, 7=7.5 H 
z) , 7 . 4 1 ( 2 H, t, 7=7.5 Hz) . 7 . 7 0 ( 2 H, d, 7=7.5 Hz) , 7.89 
(2 H, d, 7 =7 . 5 Hz), 9 . 5 0 (1 H, s) ; 13 C-NMR (DMSO-d 6 ) <5 : 3 5.4, 4 
6.5, 66.1, 113.4, 120.1, 125.4, 127.1, 127.7, 
132.04, 137.4. 140.7, 143.7, 153.3, 159.9; 
MS*^ K7M**3 1 ;UX*-7^tC&&bT8!|£Lfc. HRMS (EI+) : m/e calcd 
for C21H19N3O4 (M) as methyl ester 3 7 7.1 3 7 6, found 3 7 7.1 3 8 
0 . 

(10) 4-(9-7;^l/Zj^^->AJ^r;i/)7 5 7ilS! (1 4 ) <£> o" fi£ 
1 3 (5 . 0 g, 4 8 . 5 mmol) jfc ii X ^ V > ^ U U — JU s> ^ ^7Ux — 5" JKA 

&|glK(2 0 Oil, 1:1, v/v) iC *£S¥ £ tr l£ , 9 -771^:* V~)V* ^ )U X ? > > 
5 V )\sifs-r- h(l 6.4g, 4 8. 6 miDo]) SriDAfe. MiZ8kMJ- h V V U 

(1 0 g, 9 4. 4 mmol) £jqx. — Bj63£#L.fc. £. C fcfct® £ &i V , 1 4 (10. 

3g)4§fc. stc?.^* 1 nmmx'Wtvk\z vft'&. £vrztt.m&zm^^ jt_4 (4. 
4g)£#*:„ mwm 1 4 . 7 g, 9 4X) 

'H-NMR (DMSO-de) 5 : 1.6 1 ( 2 H, t. 7= 7 . 0 Hz) , 2.19 ( 2 H, t, 7=7. 

0 Hz), 2.9 8, (2H, dd, 7=13.0, 6.0 Hz), 4.20 ( 1 H, t, 7=6.5 
Hz), 4.2 8 (2H, d, 7= 6 . 5 Hz) , 7.3 2 (2H, t, 7= 7 . 5 Hz) , 7.4 0 
(2H, t, 7=7. 5 Hz), 7.6 7 (2H, d, 7= 7 . 5 Hz) , 7.8 7 ( 2 H, d, 7=7. 
5Hz), 11.0 (1H, br.s); MSX ^ 7 h )V * ^7PX 7 )V U T 
l/fc. HRMS (EH): m/e calcd for Ci 9 Hi»N04 as methyl ester 3 3 9.1 4 7 

1 , found 3 3 9,1 4 7 5. 

bf u~)l-^ 5 &V-)VK <J 7S HCifltsK (±B [ft2] fflSS 
7.4=-— A#M) 
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mmm 1 t# ^nrzit^mi_x, 1 2 . 1 4i^i:?pip o a ce-77->Fmo 

« 1 



1 , ft&tt 20%'tv* y P wdmp 5 # 

2 , 50 # 

3 , jfif-g- HATU/DIEA 60 # 

A.ffifr 40 g> 

5 , .M &*BBKA? y v 10 # 

6 , §Jfcti 95%TFA, 2.5% TIS, 2.5% 7k 30 # 



@tB-&^« Continuous F.low&S^/B LfcAppl ied Bi osys t emstfc © h* J5& 

J$Pioneer£ffl V>Tfr^ fc. @*g}S#W:Fmo c - j3 -77->^/l/D- 
fc7ff|g£)Wang resin£ffl <^fc. 3;fc> HATU, D I EASlltt^-Jl^ h 

0 ft&ffl £l±?t'&, Pioneer 5 A fiftt^Pu- 

frmmwirz c tfcJ; oflii^^bfc. * y — ;i>*e 5 o 

U, lAl/ft^t/^-^-^. HATUS^DIEA^*7Ai:Ib, 6 0 

5 % tr u ^><©DMF^^7?T-fe^;i-ft:*fT^fe. s^-^t^, @*affl#£7j^ 

Zm. 0 til 8&JEffcj!££fTO fttik. 5 0ml(DtX77X3tl:f I, 95 
% T F A , 2. 5KTIS* 2. 5 % 7jc £ 5 m 1 in x. T 3 0 # mUft L , fi#;o> 

PLCCiOffofc. 

Py ttl-^fil'^^^y t!n-^-2-*J^>ilS*, Ac 
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r -butyl itr -75 /g&&$£g£> /3 - ala- COOH f* i3 - 7 5 




Ac-Im-Py-/3 -ala-COOH : iR^19X ; l H NMR (CDaOD) 6 : 2.15 ( 3 H, s) , 
2.6 3 (2H, t, 7=6.5 Hz), 3.6 0 ( 2 H, t, /= 6 . 5 Hz), 3.9 0 (3 
H, s), 4.04 (3H, s), 6.71 ( 1 H. d, J = 1 . 5 Hz) , 7.24 (1H, d, 
/ = 1 . 5 Hz) , 7.35 ( 1 H, s) , 4 t?©!^D h > ( 3 NHs and 1 COOH) &CDa 
OD \Z$£7Ltz. H £ Kick >9 tifctH $ ft&ifro fc. ; ESI MS /n/e calcd for. C ia H 2 iOsN 6 
(M+H) 3 7 7.2, found 3 7 7.2 . 



H 



Hs' 




Ac-Py-Py-Py- /3 -ala-COOH : IR^ 1 8 % ; l H NMR (CDaOD) <5 : 2.0 7 ( 3 H, 
s). 2.6 0 (2H, t, 7=7.0 Hz), 3.5 5 ( 2 H, t, /= 7 . 0 Hz) , 3.8 7 
(3H, s). 3.89 (3H, s), 3.90 ( 3 H, s), 6.76 ( 1 H, s), 6.82. 
(1H, s), 6.9 1 (1H, s), 7.11 (3H, s), 7.18 ( 2 H, s), 5^0^ 
Dh>(4 NHs and 1 COOH) teCDaOD tl d iz \Z «fc 0 tk tU £ n& ^ z> 1t . : 

ESI MS m/e calcd for ^HasOoN- (M+H) 4 9 8.2, found 4 9 8.3 . 
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Im-Im-/3 -ala-Py-Py-/3-ala-C00H : iR^S 3 1 % ; 'H NMR (CD 3 0D) <J : 2.5 9 
(2H, t, /=7.0 Hz), 2.6 2 ( 2 H, t, 7=7.0 Hz), 3.54 (2H, t, 7= 

7.0 Hz), 3.6 7 (2H, t, 7=7.0 Hz), 3.83 ( 3 H, s), 3.86 (3H, 
s) , 4.01 ( 3 H, s) , 4.11 ( 3 H, s) , 6.74 ( 1 H, d, 7=2.0 Hz) , 

6.79 ( 1 H, d, 7=2.0 Hz), 7.13 ( 1 H, d, 7 = 2 . 0 Hz) , 7 . 1 4 (1 

H, d, 7 =2.0 Hz), 7.5 1 ( 1 H, s), 7.5 4 ( 1 H. s) , 7.6 2 ( 1 H, s) , 
60©^Dh>(5 NHs and 1 COOH) teCDsOD fcf^/tciCJ: Q fe.th£ fife. 

fr-oft. ; ESI MS m/e calcd for C3 B Ha40 7 Ni x (M+H) 6 3 6.3, found 636 

3 . 
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Ac-Py-Py-Py-/3 -ala-Py-Py-Py- /3 -ala-COOH : 1 8 X ; 'H NMR (CDsOD) 6 

: 2.0 6 (3H, s), 2.5 9 ( 2 H, t, 7=7.0 Hz), 2.62 ( 2 H. t, 7=7. 
0 Hz), 3.5 5 (2H, t, 7=7.0 Hz), 3.63 ( 2 H, t, 7=7.0 Hz). 3.8 
5 (3H, s), 3.86 (6H, s) , 3.87 (3H, s) , 3.88 ( 3 H, s) . 3.8 
9 (3H, s). 6.75 (1H, d, J=2.0 Hz), 6.76 ( 1 H, d, 7=2.0 Hz), 

6.8 1 (1H. d, 7 =2.0 Hz), 6.8 3 ( 1 H, d, 7 = 2 . 0 Hz) , 6.8 8 (1 
H, d, 7=2.0 Hz), 6.89 ( 1 H, d, 7= 2 . 0 Hz), 7.11 ( 1 H, d, 7= 2 . 
OHz), 7.14-7.16 (4H, m) , 7.17 ( 1 H, d, 7= 2 . 0 Hz) , 9 ~D <D ? u V 
>(8 NHs and 1 COOH) «CD 3 OD X it Z. t \Z «k D tfcffi $ tl& *» -a . ; ESI 

MS m/e calcd for C44HsiOioN 1 4 (M+H) 9 3 5.4, found 9 3 5.4. 
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Ac-Im-Py-Py-r -buty 1-Py-Py- 0 -ala-COOH : &m 1 8% ; 'H NMR (CDaOD) 6 : 
1.78. (2 H. t, /=7. 5 Hz), 2 . 0 1 ( 3 H, s) . 2 . 2 7 ( 2 H. t, 7= 7 . 5 Hz) , 
3 . 2 1 ( 2 H, dd, 7= 7 . 5 , 1 2 . 5 Hz) , 3 . 7 9 ( 3 H, s) , 3 . 8 0 ( 3 H, s) , 
3.8 2 (3H, s), 3.8 3(3H, s), 3 . 8 4 ( 3 H, s),3.94(3H, s), 6. 
84(1H, d, 7=1.5), 6.8 6 (1H. d, 7=1.6), 6 . 8 9 ( 1 H, d, 7=1. 
5), 7. 02(1 H, d, 7=1.5), 7. 12(1 H, d, 7=1.5). 7.16-7.1 
7(3H, m), 7.2 2C1H, d, 7=1.5), 7 . 2 6 ( 1 H, d, 7=1.5), 7.41 
(1H, s), 7.9 9 (1H, », 7=6.5), 8 . 0 3 ( 1 H, t, 7=6.5), 9.81 
(1H, s), 9.8 7 (1H, s), 9.8 8(2H, s), 9 . 9 3 ( 1 H, s), 10.21 
(1H, s). 3 -D(D-fU h XN-CH2 -CH2 -COO, and COOH) Hi 2 ft & -o fc . 
(Bfto fcfcft) ; BSI MS i/e calcd for CtiH4i0iiN* (M+H) 8 2 8.3, found 
8 2 8.3. 
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Ac-Im-Py-Py-r -butyl-Py-Py-Py-/9 -ala-COOH : JR^IO* ; l H NMR (DMSO-d 
6 ) 6 : 1.78 (2H. t, 7=7.5 Hz), 2.01 ( 3 H, s), 2.27 (2 H, t, / 
= 7.5 Hz), 3.21 (2 H. dd, /= 1 2 . 5 , 7.5 Hz), 3.79 ( 3 H, s), 3 . 

8 0 (6H, s), 3.82 ( 3 H, s), '3.83 ( 3 H, s). 3.85 ( 3 H, s) , 3 . 

9 4 (3H, s),. 6.8 4 ( 1 H, d, 7=2.0 Hz), 6.86 ( 1 H, d, 7=2.0 H 
z) , 6.89 ( 1 H, d, / =2 . 0 Hz) , 7.02 ( 1 H, d, / = 2 . 0 Hz) , 7.12 
(1H, d, 7 = 2 . 0 Hz), 7.16-7.17 ( 2 H, m), 7.22 ( 1 H, d, 7=2. 
OHz), 7.2 6 (1H, d. 7 = 2 . 0 Hz) , 7.9 9 ( 1 H, t, 7=6.0 Hz), 8.0 
3 (1H, I, 7=6.0 Hz) , 9.81 ( 1 H, s), 9.87 ( 2 H, s) , 9.88 (2 
H, s), 9.9 3 (1H, s). 10.21 ( 1 H, s), 40©7"n b > (N-CHz-CHa-CO 
0) \$MSOmm<D¥-? <D — y £ fc 1ST # & ^ „ ; ESI M 
S m/e calcd for C^aHssOi oNi 5 (M+H) 950.4, found 950.3. 

DNA7;V + ;HbiT*5DU- 8 6 <£*Sf5£K;tf DU - 8 6©f£tt4"frT& 
S A$kffi (D u 8 6 ) <Dffimj£,&&,T\Z^-r e 




CH a O 

2-^7U-3-->th^>*7U7t?-7U- AStfcfP— 7U-DUMA ( D U - 8 6 j 
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Du86 (15) 

DU- 8 6 <D«tt^^-C$>?) A St #5 (D u 8 6 ) l_54i|Alfe. »f£¥JBtt«, 
T©S1 

(0. 0 5 mm o 1) <DDMF (1. 5mL) ^^(C^MT, * )V # ~ )V i? 
-f 5 — }V (C D I , 2 4. 3mg, 0. 1 5 mm o 1 ) *,in*., HfflT.— lft 

y-ji^x^f;^ 00-70%) s#fc„ 

1 5. (6. 2mg, 0. 024mmol) GODMF (2mL) 1 5t 

l^ft^ll/, 6 0 %7R^i'ffc^ MJ A (2; Omg, 0. 05 mm o 1 ) £ in * , 
MT 3 0 #M#b#:. ±7?#&nfc<3^y»;n7T;i/ (0. 

0 2 4 mm o 1) ©DMF (1. 5mL) **S»Tb, L . 

■J >M± h U V&rty y 7- (pH6. 86) £3bD »EET*«l*«*b 
1t. mznfrmm<ti>} : £:i'Vt>if)l<l]7 2 A #u^h£f5 7'{-lZttL. It, HP 
LCi:i5iHS*?f&^^ tsyy\)y^w ( 2 0 - 5 0 %) 

75X/SS^ab, Ac, Im, Py Rtf r - butyltt^TBS t ffl U. 
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Ac-Im-Py-/S -ala-CO-Im' : 5.6 mg (4 5*); 'H NMR (DMSO-d.) S : 2.0 1 
(3H, s), 3.7 8 (3H, s), 3.9 2 (3H, s), 6.9 3 ( 1 H, d, /= 1 . 5 H 
z), 7.0 6 (1H, s), 7.2 1 (1H, d, 7= 1 . 5 Hz) . 7.4 0 ( 1 H, s), 7. 
7 2 (1H, s), 8.14 (1H, t, 7=5.5 Hi), 8.4 2 ( 1 H, s), 9.9 2 (1 
H, s), 10.23 (1H, s), 4 ~D <D "7 a h > (N-CH2-CH2-COO) «DMSO*gj& <D tf- 
& ft* — 7t— 7 y -yir&lziibm^-egfc V>. ; ESI MS m/e calcd for C,»H 2 304N 
e (M+H) 4 2 7.2, found 4 2 7.2 . 



H 




Ac-Im-Py-J3 -ala-C0-Du86 : 0.5 6 mg ( 9 SS) ; 'H NMR (DMSO-d.) 6 : 1.28 
(1H, s), 2.01 (3H, s), 2.09 ( 1 H, s), 2.45 ( 3 H, s) , 3.38 
-3.44 (2H, m), 3.70-3.75 (1 H, n>) , 3.71 (3H, s) , 3.80 
(31, s),. 3.9 2 (3H, s), 4.08 (2H, s), 6.93 ( 2 H, 3), 7.22 
(1H, s), 7.4 0 (1H, s), 8.0 3 ( 1 H, t, 7=5.5 Hz), 9.8 9 (1H, 
s), 10.22 (1H, s), 12.35 ( 1 H, s), 20 <D ~7 D h XN-CHa-CHz-CO 
0) &DMSO}§i&© M — tf<T> — -D-frJt — n— y y y-r*fc*WBT#&H. ; ES I M 
S m/e calcd for CaoH^OTNs (M+H) 6 17.2, found 617.3. 



WO 03/000683 PCT/JP02/0177S 

Im-Im-j3-aia-Py-Py-0-ala-CO-Im' : 6 . 3 mg (7 4%) ; 'H NMR (DMSO-do) 

6: 3.49 (2H, q, J=6.5Hz). 3.53 (2H. q, 1=6. 5Hz), 3.78 (3 

H, s), 3.83 (3H, s), 3.96 (3H, s), 4.00 (3H. s) , 6.83 (1 

H, s), 6.85 (1H, s), 7.05 ( 1 H, s). 7.06 ( 1 H, s), 7.15 (2 

H, s), 7.4 6 (1H, s), 7.7 1 ( 1 H, s), 8.0 9 ( 1 H. s) , 8.2 3 (1 

H, s), 8.42 (1H, s), 8.61 ( 1 H, s) , 9.75 ( 1 H, s), 9.84 (1 

H, s) , 9.8 9 (1H, s), 4~D<D7uh> (2 o f N-CH 2 -CH 3 s) kkDMSO*&ig <D fcT 



- 27 - 



WO 03/000683 



PCT/JP02/01775 




- 28 - 



WO 03/000683 PCT/JP02/0177S 

Im-Im-/3 -ala-Py-Py-/3 -ala-C0-Du86 : 0.10 mg ( 3 %) ; 'H NMR (CDjOD) <5 
: 1.04-1.06 (1H, id), 2.08-2.12 ( 1 H. m) , 2.50 ( 3 H, s). 2 
58-2.66 (4H, m) , 3.56 (2H. ra) , 3.67 ( 2 H, m) , 3.70-3.7 
5 (1H, m). 3.7 7 ( 3 H, s),.3.8 4 ( 3 H, s), 3.8 7 (3H, s), 4.0 
1 (3H, s), 4.0 2-4.0 5 ( 2 H, m) , 4.05 ( 3 H, s), 6.74 ( 1 H, 
s), 6.81 (1H. s), 7.05 (1H, s), 7.14 (2H, s). 7.25 (1H, 
' s), 7.47 (1H, s), 7.88 (1H, s), 6DC^Dh> (6 NHs)fiCD 3 OD \Z 
mZ-fZZ. t te«fc O&ttJ^n&a^fc. ; ESI MS m/e calcd for CjHobCN.j (M+ 
H) 8 7 6.3, found 8 7 6.4 . 



H- 




Ac-Im-Py-Py-r -butyl-Py-Py- (3 -ala-CO-Im' : 2 2.5 mg ( 6 8 SO ; 'H NMR 
(DMSO-d.) 6: 1.72-1.78 (2H, m), 2.01 (3H, s), 2.23-2.29 
< 2 H, m) , .'3.5 0-3-5 6 ( 2 H, m) , 3.77 ( 3 H, s) , 3.80 ( 3 H, s) , 
3.8 1 (3H, s), 3.8 4 (3H, s) , 3.9 4 ( 3 H, s) , 6.8 2 ( 2 H, s) , 
6.89 (1H, s), 7.03 (1 H, s) . 7.06 ( 1 H, s), 7.12 ( 1 H, s), 
7.16 (1H, s), 7.2 6 (1H, s), 7.4 1 ( 1 H, s) , 7.6 8 (1H, s), 
7.71 (1H, s), 8.00-8.04 (1 H, m), 8.04-8.10 (1H, m),8. 
42 (1H, s), 9.80 (1H, s), 9.82 ( 1 H, s), 9.87 ( 1 H, s), 9. 
93 (1H, s), 10.21 (1H, s), 4-D<D7ab> (N-CH S -CH 2 and N-CHs-C 
R^HiDMSOigi&co fcf — i7 CD — ~Difi^~ — — ^ v 7ir Z>£iibmt£-e 
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H 




Ac-Im-Py-Py-r-buty]-Py-Py-j8-ala-C0-DD86 : 0 . 7 0 m g (H P L C JffiU^g 
7 %) ; l H NMR (DMSO-de) 5:1.0 4-1.0 6 (1H, m) , 2.08-2.12 
(1H, m), 2.5 8 -2.6 6 (4H, m) , 3.56 (2H, m) , 3.67 (2H, m), 3 . 
7 7 (3H, s), 3.84 (3H, s), 3.87 ( 3H, s) , 4.01 (3H, s) . 4.02 
-4.05 (2H, m), 4.05 (3H, s), 6.74 (1H, s). 6.81 (1H, s). 7 . 
0 5 (1H, s), 7.14 <1H, s), 7.4 7 (1H, s) , 7.8 8 (1H, s) , 60©^ 
Uh> (N-CH2-CH2 and N-CHa-CH 2 -CH 2 ) teCDaOD C^^fc^iCct?) tft.tfi £ tl & 
fr-v tH„ ; BSI MS m/e calcd for CsjHsaOi ,Nis (MfH) 1 0 6 8.3, found 1 0 
6 8.4. 



( 1 ) ±T"&J5£ bfcAc-Im-Py-^ -ala-CO-Du86£ ^ TD N A T JU* fcitM®. Srff 
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( 2 ) £7cl^©#|l®£lm-Im-|3-ala-Py-Py-/3 -ala-C0-Du86£r ffl ^Tfr&o fc. 
JtOte^ZW, 2 m ^ d'x 2 0<D-f S yy-;Ug|5^D N A <p <D 7 ~ 

^'flj'p'llli 5'-GGAGAAA - 3 ' © 7 *r — > £ 7 

;i/^;Mt -5 £ <t e, ^ & ^ ^ . 

;i^fb-r ^^-a-^^^^f-^ e <t#Bj§ eo^^^^o, 

IBSltf ©DNA*^-y y htt5l»(Dii, BP'S, gijf£ffl©ft: ^in^ Aj 
(3) ^«<DH^€rAc-Im-Py-Py-r-butyl-Py-Py-j}-ala-Du86«:^ ^Tfro 

7t. c: ©'ft-g-^ia, e a-;u--r s ^«y-;i/7j?u 75 KgBfi^e 6^7 v>mm. 

-^fCDNA©2*«|©Hl*illtrt5§. 'NTe^^ttDN 
At»^t5lCPy-Py^7^ATSfcttTA*Im-Py^7A«GCtP 
y - I m^7*iCGSl«»fcBiLTlS*t*i:H5y-^>jl!ll:«E5 
*fl tl T H -5 E©'(t<&i|&tt0 - 7^->^7 - I mt^?ffitzl3:ft?&&m<D 

NA7;p*^flS*I**fr£-3T»igLfc. ^©M*l3il:^t (DNA: 
PUC18M 70nM, g^^JSS : 1 0nM~ 5 0 0 nM, 5 +>- > ^ ;p , 
: 'J h 'J r7 2»&*tt (1.46mM) 3713, 8 P#W) . 

JB3H*6S6iJ»ftJ:5l:, H ©te 4^ <Z> 7 hf >*8ii£& D ts.ifi & — 

0<7)^aiJ{rSe^TDNA*7JP^;l"fkLTi,iSei:^^^ofe. BP'S, r~bu 
t y 1 ^7 tf >*-zrm$L\3. A T fc, P y-P y ^ 7 *» A T f: « T A &883$ b , 
Du8 6^AtfciSG^7J^;Hfcbt, dO&gHC, $fr fc^&giS ^ 7 T * -5 
^-77->^7-Im^7«, aiRWfcCG^TftBgfcb* gB^J4*M R*)fc 7 ;U 

Ac-Im-Py-Py-T-butyl-Py-Py-/i-ala-Du86« 5 ' - (A/T) (A/T) (A 
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/T) C (A/G) - 3 'gfl&£lg^L, 3 ' ZL> *m.1Sim\Z7 )\,\Y, L 

mmm 5 fitc - tr o-;p--r s y*;-;^ U75 h <Dmm& 

^ « 5fe t ^ u /£ tf p - ;i/ - -r s^-z-ji/^y 7s F©ia*g-&;&&<hiRn;^i£, 

ip-fe. Continuous FlowS L fcAppl ied BiosystemsCD^^^ K-^J^tiPione 

erSrjl ViTff o fc. @fflfi#«Fmo c -/3-T^^>*tyun-H$nfcTpIg 
OWang resinfc/Bt^fc. Sfc, HATU, D I EA, F I TC&Dityy-ar 
B«fi#©Stt*HIK:**LT4 SM^fe. Kj£i&7&, @*§4§#£7J 

5 % T F A , 2. 5 % T I S > 2. 5% 7jcSr5mliDAT30 b> S# 

j^&^OfflbSrfifofc. fffSta. 0. l %TF A 7 -fe h- h- 

fcHPLCtiDfr^ft. 

# £*l7cF I TC-tfD-;|^--f5 U 7 5 F3 >>>n.y- h (D^jfi^ 
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FITC-Py— Py-/3 -ala-COOH : W.&14% ; 'H NMR (DMS0-d 8 ) 6: 3.7 9 (3 
H, s), 3.8 7 (3H, s), 6.5 4-6.6 2 ( 5 H, m) , 6.66 ( 1 H, s). 6. 
6 7 ( 1 H. s) , 6.8 3 (1H, s), 6 . 9 7 , ( 1 H, s) , 7.17 ( 1 H, d, /= 8 . 
OHz), 7.18 (1H, d, 7=1.5 Hz), 7.2 4 ( 1 H, br. s), 7.8 2 ( 1 H, 
dd, 7=8. 0, 1 . 5 Hz), 7.80 ( 1 H, t, 7-6.0 Hz) , 8.21 ( 1 H, s), 9 . 
82 (1H, s), 9.85 (1H, s) , 10.09 ( 2 H, s) , 12.20 ( 1 H, br. 
s"), 4 ~D<Dzf D h > (N-Cfh-CHa-COO) fomSOmi&O fc? — i7 tfi*- A- ^ y -/T Z> 
ftt(>m$&-r?&U^. ; ESI MS in/e calcd for Ca 6 H 3 iO«N 9 S (M+H) 7 2 3.2, fo 
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